I. INTRODUCTION

The nucleus
68 Ni was initially considered as a semi-magic nucleus arising from a major Z = 28 proton-shell closure and a N = 40 neutron subshell closure. This interpretation was inferred from the high energy of the first-excited 2 + state (2033 keV [1] ) in contrast with the low energy of the first-excited 0 + state (1770 keV [2] ). Conflicting observations arose, however, as mass measurements do not reveal a clear neutron shell gap at N = 40 [3, 4] and the B(E2; 0
) mean value of 3.2(6) W.u. [5, 6] is too large for a pronounced N = 40 subshell gap [7] .
Currently, it is qualitatively understood that the apparent semi-magic properties of 68 Ni are not caused by a strong N = 40 subshell closure and a corresponding large energy gap, but rather follow from the parity change between the pf shell and the 1g 9/2 orbital across N = 40, prohibiting quadrupole excitations [8] . The B(E2) value is explained by strong pair scattering across N = 40 [5] , which indicates that the stabilizing effect is subtle.
Despite these qualitative insights, the structure of 68 Ni and the region around is not yet fully understood. While the focus was, so far, mainly on neutron excitations across N = 40, little is known about proton excitations across Z = 28. Although separation energies give evidence for a major Z = 28 shell closure at N = 40, a proton two-particle-two-hole π(2p-2h) 0 + state could appear nonetheless at lower excitation energies due to pairing correlations and proton-neutron π-ν residual interactions [9] [10] [11] . Its excitation energy will depend critically, however, on the stabilizing properties of the N = 40 gap as the quadrupole part of the π-ν interaction depends on the number of valence neutron particles or holes.
Since the valence counterpart of 68 Ni, 90 Zr (Z = 40, N = 50), is a stable isotope, it has been investigated in numerous transfer reactions and thus its structure is better known than the one of 68 Ni. In the present paper, the low-energy structures of both nuclei, and the 0 + states in particular, are compared based on experimental information available in the literature (see Fig. 1 ). While most properties are similar in 68 Ni and 90 Zr, possible π(2p-2h) excitations in 68 Ni will behave different from the ν(2p-2h) excitations in 90 Zr. In the following, a candidate for a π(2p-2h) 0 + is discussed on the basis of a shell-model approach of intruder states [10] , after which implications for the stabilizing properties of the N, Z = 40 gaps are discussed. [15] . The estimated excitation energies of the respective π and ν(2p-2h) configurations, based on 1p-2h and 2p-1h excitation energies of the Z ± 1 and N ± 1 nuclei [16] [17] [18] [19] [20] [21] [22] 
A. Framework and results
Intruder states result from particle-hole excitations across major closed shells. Nevertheless, they appear at low excitation energy because of both strong pairing and π-ν correlations.
For the 2p-2h 0 + intruder states, this is expressed [10] as
where E intr (0 + ) is the excitation energy of the 0 + intruder state, ε p − ε h the single-particle shell-gap energy with the respective subscripts p and h denoting particles and holes, ∆E pairing the nucleon pairing energy, and ∆E πν the π-ν residual-interaction energy.
The shell-gap and pairing energies for 68 Ni and 90 Zr are deduced from measured oneand two-nucleon separation energies [3, 30] (see Ref. [10] for details). Starting from the experimental 2p-2h 0 + excitation energies, the respective π-ν residual energies can be extracted, using equation 1. These values are listed in Table I . It is important to note that the E intr (0 + ) values in the table are subject to mixing, and no transfer data are known for 68 Ni. The excitation energy of the 90 Zr ν(2p-2h) configuration, e.g., is taken as the average of the 4126-and 5441-keV levels, which are strongly populated in the 92 Zr(p,t) reaction [14] . a Estimate from summing π(2p-1h) and π(1p-2h) excitation energies.
The extracted π-ν residual-interaction energy mainly results from quadrupole correlations. This means that many valence neutrons must be available, i.e., N = 40 tends to behave
rather as an open shell configuration, as given by the full line in Fig. 2 .
As noticed already, the π(2p-2h) 0 + state in 90 Zr appears at a remarkably similar excitation energy to the ν(2p-2h) state in 68 Ni. Table I behaves as a closed shell configuration, as depicted in Fig. 2 by the dashed lines.
It can be seen from Table I In 71,73 Cu, the π(2p-1h) 7/2 − levels are identified at 981 and 1010 keV, respectively, based on the particle-core model [18] and the small B(E2) transition strength [19] . This is ∼ 700 keV lower in excitation energy with respect to the π( 
